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DXWKHQWLFDWLRQ V\VWHPV ,Q VSLWH RI LWV H[WHQVLYH XVDJH LW LV SHUIRUDWHG ZLWK QXPHURXV LVVXHV GXH WR ZKLFK LWV
UHFRJQLWLRQ DFFXUDF\ GHWHULRUDWHV LQ FHUWDLQ XQFRQVWUDLQHG VFHQDULRV >@  )5 LQYROYHV GHWHUPLQLQJ WKH XQLTXH
FKDUDFWHULVWLFVRIDIDFHZKLFKDUHNQRZQDVIHDWXUHGHVFULSWRUV7KHSHUIRUPDQFHRIDQDXWKHQWLFDWLRQV\VWHPEDVHG
RQ)5VLJQLILFDQWO\GHSHQGVRQWKHFKRLFHRIWKHIHDWXUHGHWHFWRU0DQ\SRSXODUH[WUDFWLRQWHFKQLTXHVVXFKDV6FDOH
,QYDULDQW )HDWXUH 7UDQVIRUP 6,)7>@ 6SHHGHG 83 5REXVW )HDWXUHV 685) >@ VHH >@ IRU D FRPSUHKHQVLYH
VXUYH\ RI WKH HYROXWLRQ RI WKH SUHYDOHQW IHDWXUH H[WUDFWLRQ PHFKDQLVPV DUH DYDLODEOH EXW WKHVH DUH QRW DOZD\V
HIILFLHQW LQ VFHQDULRV LQYROYLQJ ELRPHWULF DXWKHQWLFDWLRQ V\VWHPV DQG RWKHU UHDO WLPH VFHQDULRV WKDW DUH YHU\
FRPSXWDWLRQDOO\ LQHIIHFWLYH7KHUHIRUH LQ WKLVSDSHUZHSURSRVHD IHDVLEOH WHFKQLTXH FDOOHG25%3&$ZKLFK LV
EDVHG RQ WKH 25% 2ULHQWHG )DVW DQG 5RWDWHG %ULHI >@ IHDWXUH GHVFULSWRU DQG WR RYHUFRPH WKH FRPSXWDWLRQDO
GLVDGYDQWDJHVRI25%E\XVLQJWKH3&$3ULQFLSDO&RPSRQHQW$QDO\VLV >@PHWKRGWRFDUU\RXWGLPHQVLRQDOLW\
UHGXFWLRQ>@DQGUHGXFHWKHFRVWDQGWLPHRIFRPSXWDWLRQ
25%>@ LVDFRQWHPSRUDU\ LQFOXVLRQ WRD VHULHVRI IHDWXUHGHWHFWLRQDQGH[WUDFWLRQ WHFKQLTXHV 685) >@6,)7
>@WKDWZDVSXWIRUZDUGE\5XEOHHHWDO25%HPSOR\VWKHLPSURYHGPHWKRGRORJLHVRI%5,()>@5%5,()>@DQG
)$67 >@ 2)$67 >@ GHVFULSWRUV7KHVH WZRZHUH FKRVHQEHFDXVHRI WKHLU SHUIRUPDQFH DQG ORZFRVW >@ DQG
FHUWDLQ GHVLUDEOH FKDUDFWHULVWLFV VXFK DV WKHLU LQYDULDQFH WR LOOXPLQDWLRQ EOXU DIILQH DQG VR RQ >@>@>@ 25%
RYHUFRPHV WKH FULWLFDO LPSHUIHFWLRQV VXFK DV WKDW RI)$67¶V ODFNRIRULHQWDWLRQ FRPSRQHQW DQG%5,()¶V ODFNRI
URWDWLRQ LQYDULDQFH7KHUHIRUH25%LV URWDWLRQ LQYDULDQWDQG LVSURYHQ WREHIDVWHU WKDQ6,)7>@0RUHRYHU LW LV
IUHHIURPOLFHQVLQJUHVWULFWLRQVFRPSDUHGWRWKHSDWHQWHG6,)7>@DQG685)>@PHFKDQLVPV
'LPHQVLRQDOLW\UHGXFWLRQPDSVWKHGDWDH[LVWLQJLQWKHKLJKGLPHQVLRQDOVSDFHWRDORZHUGLPHQVLRQDOVSDFH7KLV
WUDQVIRUPDWLRQ PD\ EH OLQHDU RU QRQOLQHDU $PRQJ WKH OLQHDU GLPHQVLRQDOLW\ UHGXFWLRQ WHFKQLTXHV 3ULQFLSDO





XVLQJ WKHGLPHQVLRQDOLW\ UHGXFWLRQ DVSHFWV RI3&$ >@2QO\ WKH VLJQLILFDQW QXPEHURI SULQFLSDO FRPSRQHQWV DUH













)HDWXUH H[WUDFWLRQ LV SHUIRUPHG RQ WKH TXHU\ LPDJH DQG WKH GDWDEDVH LPDJHV XVLQJ25% GHWHFWRU >@ ,W LV WKHQ
Descriptor Matching Using FLANN with Database Images 
Dimensionality Reduction of the descriptors using PCA
Feature Extraction using ORB Detector 
Input Face Image
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DFFRPSDQLHG E\ GLPHQVLRQDOLW\ UHGXFWLRQ UHWDLQLQJ WKH H[LVWLQJ LQIRUPDWLRQ XVLQJ WKH 3&$ >@ PHWKRGRORJ\




WKHVWHSVSHUWDLQLQJ WRRXUSURSRVHG WHFKQLTXHZKLFK LV UHTXLUHGIRUEHWWHUXQGHUVWDQGLQJDQG WKH\DOVRVHUYHDVD
SURRIWRDFFRXQWIRUWKHLPSURYHGDFFXUDF\
25%2ULHQWHG)$675RWDWHG%5,()'HWHFWRU
,W RSHUDWHV E\ DGGLQJ DQ DFFXUDWH RULHQWDWLRQ FRPSRQHQW WR )$67 E\ XWLOL]LQJ DQ ,QWHQVLW\ &HQWURLG &ORXG
PHFKDQLVPDQGUHQGHUV%5,()URWDWLRQLQYDULDQWE\FRQVWUXFWLQJDYDULDQWFDOOHGVWHHUHG%5,()DQGVXEVHTXHQWO\
HYROYHVLWLQWRWKHU%5,()RIIVSULQJZKLFKLVDGHTXDWHO\URWDWLRQLQYDULDQW>@>@
7KH2ULHQWDWLRQ FRPSRQHQW LV DGGHG WR)$67E\XVLQJ WKH ,QWHQVLW\&HQWURLG DSSURDFK ,& >@ WKDW HPSOR\V D
UREXVWPHDVXUHRIFRUQHURULHQWDWLRQ7KHPRPHQWVRIDSDWFKWKDWDUHXWLOL]HGWRILQGWKHFHQWURLGDUHUHSUHVHQWHGDV
IROORZV>@
݉௣௤ ൌ σ ݔ௣ݕ௤௫ǡ௬ ܫሺݔǡ ݕሻ          








ሻ         
$ YHFWRU LV FRQVWUXFWHG IURP WKH FHQWUH WR WKH FHQWURLGܱܥሬሬሬሬሬԦ DQG WKHQ DFFRUGLQJO\ WKH RULHQWDWLRQ RI WKH SDWFK
EHFRPHV>@
ߠ ൌ ܽݐܽ݊ʹሺ݉଴ଵǡ݉ଵ଴ሻ         
ZKHUH DWDQ UHSUHVHQWV  WKHTXDGUDQWDZDUHYHUVLRQRI DUFWDQ&RQVLGHULQJ >@ WKH LPSRUWDQFHRI WKH LOOXPLQDWLRQ
SDUDPHWHURIWKHFRUQHU>@LVQRWWDNHQLQWRDFFRXQWEHFDXVHWKHDQJOHPHDVXUHVUHPDLQWKHVDPHLUUHVSHFWLYHRIWKH
W\SH RI WKH FRUQHU 7KH URWDWLRQDO LQYDULDQFH FDQ EH HQKDQFHG E\ HQVXULQJ WKDW WKHPRPHQWV DUH FRPSXWHGZLWK
UHVSHFWWR[DQG\WKDWUHPDLQZLWKLQWKHFLUFXODUUHJLRQRIUDGLXVU>@$QRSWLPXPFKRLFHIRUWKHSDWFKVL]HLVULQ




RI WKH VWHHUHG %5,() GHVFULSWRU FRXSOHG ZLWK D SHUWLQHQW OHDUQLQJ VWHS LV DOVR RXWOLQHG LQ >@ WR ILQG WKH OHVV
FRUUHODWHGELQDU\IHDWXUHV




߬ሺ݌Ǣ ݔǡ ݕሻ ؔ  ൜
ͳ ׷ ݌ሺݔሻ ൏ ݌ሺݕሻ
Ͳ ׷ ݌ሺݔሻ ൒ ݌ሺݕሻ      
ZKHUHS[GHQRWHVWKHLQWHQVLW\RIWKHSDWFK݌DWDJLYHQSRLQW[
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6XEVHTXHQWO\WKHIHDWXUHZKLFKLVDIXQFWLRQRIWKHSDWFKFRQVLGHUHGFDQWKHQEHUHSUHVHQWHGDVDYHFWRURIQELQDU\
WHVWVDVIROORZV
௡݂ሺ݌ሻ ؔ σ ʹ௜ିଵ߬ሺ݌Ǣ ݔ௜ǡ ݕ௜ሻଵஸ௜ஸ௡          
,QRXUGHOLEHUDWLRQVZHXWLOL]HWKH*DXVVLDQGLVWULEXWLRQDURXQGWKHFHQWUHRIWKHSDWFKDORQJZLWKWKHFKRLFHRI
YHFWRUOHQJWKQDVVKRZQWRSURGXFHUHDVRQDEOH UHVXOWVLQ>@>@7KHFRPELQDWLRQRIWKHWZRZHEHOLHYHLV



















݃௡ሺ݌ǡ ȣሻ ؔ  ௡݂ሺܲሻȁሺݔ௜ݕ௜ሻ א  ܵ஀         

:H GLVFUHWL]H WKH DQJOH WR LQFUHPHQWV RIଶగ
ଷ଴




)XUWKHUPRUHE\XWLOL]LQJ WKH DSSURDFKRXWOLQHGE\5XEOHH HW DO >@ IRUDQDO\VLQJ WKHYDULDQFHDQGFRUUHODWLRQRI
RULHQWHG %5,() IHDWXUHV DQG RSWLQJ WKH OHDUQLQJ PHWKRG IRU GHFRUUHODWLRQ WKH %5,() IHDWXUHV XQGHU URWDWLRQDO







D JLYHQ VHW RI 1 LQSXW YHFWRUV ZLWK WKH VDPH OHQJWK .   IRU 25% GHVFULSWRU LQ WKH 1GLPHQVLRQDO YHFWRU
[ ሾݔଵǡ ݔଶǡ Ǥ Ǥ Ǥ Ǥ Ǥ ǡ ݔேሿ்LQWRDYHFWRU\JLYHQE\>@

ݕ ൌ ܣሺݔ െ ݉௫ሻ           

(DFK URZ RI [ FRQVLVWV RI . YDOXHV EHORQJLQJ WR RQH LQSXW 7KH YHFWRU݉௫LQ (T  LV WKH PHDQ YHFWRU DQG LV
PDWKHPDWLFDOO\JLYHQDV>@

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RUGHUHG DFFRUGLQJ WR FRUUHVSRQGLQJ (LJHQ YDOXHV LQ GHVFHQGLQJ RUGHU 7KHܥ௫PDWUL[ LV REWDLQHG E\ WKH UHODWLRQ
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,QWKHHTXDWLRQDERYH9UHSUHVHQWVWKH(LJHQYDOXHV.UHSUHVHQWVWKHQXPEHURISULQFLSDOFRPSRQHQWVUHWDLQHGDQG






WKH )/$11PDWFKLQJ DOJRULWKP >@ WKDW JLYHV D YHFWRU RI JRRGPDWFKHVܩሺ௤ǡௗഢሻሬሬሬሬሬሬሬሬሬሬሬሬሬሬԦEHWZHHQ WKH NH\SRLQWV RI WKH




7KLV VHFWLRQ UHSRUWV WKHH[SHULPHQWDO UHVXOWVRI WKH WHVWFDVHVRI WKH WHFKQLTXHXVHG LQFRPSDULVRQRI6,)73&$
685)3&$25%DQG25%3&$7KHUHVXOWVZHUHREWDLQHGIRUFDVHVDQGWKHGDWDEDVHXVHGIRUWKHHYDOXDWLRQ
RIWKHPHWULFVLV/)3:>@$VVWDWHGHDUOLHUWKLVGDWDVHWKDVLPDJHVZLWKYDU\LQJLOOXPLQDWLRQVFRORXUVURWDWLRQV
WUDQVODWLRQVDQGTXDOLW\RI WKHIDFHUHJLRQRI LQWHUHVWDQGKHQFH LV WKHFDVHYHU\FORVHU WR WKHUHDO WLPHVFHQDULRV
(DFKLPDJHLVRIʹͷͲ ൈ ʹͷͲGLPHQVLRQ$VWKHVL]HRIWKHGDWDVHWLQFUHDVHVWKHH[HFXWLRQWLPHDOVRLQFUHDVHVVLQFH
WKHFRPSXWDWLRQVLQYROYHGLQFUHDVHV7KHDFFXUDF\RIWKHWHFKQLTXHWKRXJKQRWYHU\KLJKEXWLVPXFKJUHDWHUWKDQ












7HFKQLTXHV 6,)73&$ 685)3&$ 25% 25%3&$
$YHUDJHWLPHSHU
LPDJHLQVHF



































































































>@ LVJLYHQ LQ)LJ LQFRPSDULVRQZLWK WKHRWKHU WHFKQLTXHV7KLV WHFKQLTXHZDV LPSOHPHQWHGXVLQJ2SHQ&9
& 7KH GLIIHUHQW FRORXUV RI WKH NH\ SRLQWV DUH REWDLQHG E\ WKH 2SHQ &9 IXQFWLRQV DQG GR QRW KDYH DQ\
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V\VWHP DQG LWV H[SHULPHQWDO DQDO\VLV DUH FDUULHG RXW RQ WKH GDWDVHWV WKDW VHOGRP YDU\ ZLWK UHVSHFW WR WKH










 0 0XGURYD $ 3URFKD]ND 3ULQFLSDO &RPSRQHQW $QDO\VLV LQ LPDJH SURFHVVLQJ ,Q 3URFHHGLQJV RI 0$7/$% 7HFKQLFDO
&RPSXWLQJ&RQIHUHQFH3UDJXH
 .XONDUQL$9 -6 -DJWDS DQG9.+DUSDOH 2EMHFW UHFRJQLWLRQZLWK25%DQG LWV ,PSOHPHQWDWLRQRQ)3*$ ,QWHUQDWLRQDO
-RXUQDORI$GYDQFHG&RPSXWHU5HVHDUFKQR
 'UHXZ 3KLOLSSH 3DVFDO 6WHLQJUXEH +DUDOG+DQVHOPDQQ +HUPDQQ 1H\ DQG * $DFKHQ 685))DFH )DFH 5HFRJQLWLRQ XQGHU
9LHZSRLQW&RQVLVWHQF\&RQVWUDLQWV,Q%09&SS
 )LVFKOHU0DUWLQ $ DQG 5REHUW & %ROOHV 5DQGRP VDPSOH FRQVHQVXV D SDUDGLJP IRU PRGHO ILWWLQJ ZLWK DSSOLFDWLRQV WR LPDJH
DQDO\VLVDQGDXWRPDWHGFDUWRJUDSK\&RPPXQLFDWLRQVRIWKH$&0QR



























 0 0XGURYD $ 3URFKD]ND 3ULQFLSDO &RPSRQHQW $QDO\VLV LQ LPDJH SURFHVVLQJ ,Q 3URFHHGLQJV RI 0$7/$% 7HFKQLFDO
&RPSXWLQJ&RQIHUHQFH3UDJXH

